The modality in which the information is presented differentially influences behavioral response, especially when tasks are either learned or subsequently performed in stressful circumstances. The current work examines the effects of cross modality of warning presentation and retention in a dual task paradigm in a simulated environment with various task-induced stress levels. Consistent with the Hancock and Warm model of stress and attention, it was found that when task demand is relatively low, the modality of presentation is of less importance and participants are able to comply. When task demand is relatively high, the modality of presentation was critical and played a significant role in compliance behavior. Additionally, it was found that participants were significantly less likely to comply in the verbal modality across all levels of working memory demand than in either the pictorial or written modalities.
INTRODUCTION
Warnings communicate hazards and are intended to prevent accidents and injuries from occurring. Warnings are usually not presented in isolation, but are generally presented while the operator is performing a certain operational task. Warning messages should attract the operator's attention, inform the operator of the hazard, and hopefully convince the operator to comply. The format in which warnings is presented is not standardized; warnings vary in their presentation format across tasks and environments. Presentations of hazard warnings are commonly found in one of the following formats: pictorial, written, or auditory. Consequently, the literature pertaining to modality is unclear as to which types of presentation is most memorable, salient, or most effective resulting in a higher rate of compliance behavior under stressful conditions. In the current study we manipulated warning presentation and warning retention. Presentation was manipulated by the modality of presentation of the warning cues (verbal, written or pictorial) . Retention was manipulated by creating associations between the hazard and the warning cue through different modalities (verbal, written or pictorial) . Hence this study covers not only the effect of modality on warning compliance but also the effect of working memory associations (spatial and verbal associations) on warning retention.
Historically, research in the warning modality domain concentrated on comparing verbal-written presentations or picture-word differences. Penney (1975) concluded that auditory presentation (spoken words) of information results in better retention then visual presentation (written words) in short term memory tasks. Others suggested that people can recognize and recall pictures more quickly and accurately than words (Ells & Dewar, 1979; Janda & Volk 1934; Paivo, Rogers, & Smythe, 1968; Standing, Conezio, & Haber, 1970) . Several theories support the claim that pictures are processed both verbally and symbolically, therefore having an advantage over words. (Pavio, 1971; & 1978; Siegel & Dhawan, 1975) . Similarly, literature in text processing found pictorials to have a processing advantage over text, thus arguing that pictures facilitate comprehension (Glenberg & Langston, 1992; Larkin & Simon, 1987) . Some argue that pictorials are "instant reminders" of the hazard (Peters, 1984) , more recognizable than words, (Paivio, Rogers, & Smythe, 1968; Standing, Conezio, & Haber, 1970) , and they convey information more rapidly and effectively than verbal messages (Dorris & Perswell, 1978) . Additionally, OSHA and NIOSH guidelines suggest adding a pictorial to the warning label. Contrary to the picture superiority findings, others (Robinett & Hughes, 1984; Smith & Magee, 1980) found that icons are sometimes complex and cannot convey the appropriate information without a written message accompanying them.
Our current study examines the effects of cross modality of warning presentation and retention in a dual task paradigm in a simulated environment. In general, attentional resources are utilized better when divided across modalities (auditory and visual stimuli, for example) rather than displayed via two auditory or two visual channels, (Wickens, 1992; Wickens, Sandry, & Vidulich, 1983) . Similarly, several models of working memory are associated with different modalities or different types of representations and are consistent with the notion of multiple resource pools (Daneman & Tardif, 1987; Martin, 1993; Monsell, 1984; Shah & Miyake, 1996) . Since the operational task in this study is predominantly a visual and spatial task, one can hypothesize that participants would have a significantly higher rate of compliance behavior on the warning-compliance task when the warning was presented in verbal compared to written and pictorial modality because the warning-compliance task would have less interference with the operational task.
According to the Hancock and Warm model (1989) , performance will be affected by stress when it increases to the point that it is outside of the comfort zone. Under low stress conditions participants are more likely to comply than under high stress conditions (Magurno & Wogalter, 1994 ). In the current study, operational stress level was manipulated by the task demands of the warning-compliance task (the number of association cues that the operator had to retrieve). In particular, it was of interest to determine the amount of task demand which still provides a high level of compliance. Therefore, it was hypothesized that the comfort zone would be maintained when a participant was presented with a maximum of four stimuli in any modality. Furthermore, when participants were presented with more than four stimuli they would fall outside of the comfort zone resulting in degraded performance.
METHOD Participants
Sixteen participants (mean age = 21.13, SD = 3.68) were recruited on a voluntary basis from undergraduate psychology classes at the University of Central Florida and were paid approximately $37.50 for their participation (based on an hourly rate of $7.50).
Materials
Dual Task Setting. The Warning Color-Combination (WCCOM) compliance task and the shooting task were presented on two separate monitors with two keyboards and mice. The computer used for the WCCOM had two speakers which were used to present the verbal warnings. The computer used for the shooting task did not have speakers, thus no noise was emitted from during the task. The two computers were placed on a desk side-by side in order for participants to easily view both monitors.
WCCOM Compliance Task. WCCOM was one of the two tasks in the dual task paradigm. The warning-color combinations in this task consisted of one of ten warnings (boots, earmuffs, glasses, gloves, helmet, shield, suit, respirator, meter, or mask) paired with one of ten colors (red, blue, green, orange, purple, black, white, gray, brown, or yellow; recommended by the American National Standards Institute, Inc.; ANSI, 1991). The WCCOM consisted of both a storage and a processing requirement. The storage requirement consisted of learning the color associated with each warning. Warnings were presented in one of three modalities, pictorial, written, or verbal. Each combination was paired randomly and appeared only once per block.
Each warning-color combination was presented individually on the computer screen for five seconds. An example of the pictorial presentation of the WCCOM is depicted in Figure 1 . In this example the warning, boots, is paired with the color black. The written warnings were presented in the same manner (see Figure 2) . The verbal WCCOM was presented via speakers. For example, the participants heard "boots...black". Operational stress level was manipulated by the working memory demands of the WCCOM, the number of association cues that the operator had to retrieve, which increased in demand from two to four to eight.
The processing requirement of the task involved complying with the warning (responding with a keypress) while simultaneously performing the shooting task. Each trial consisted of a two-minute session of the shooting task during which the color portion of the WCCOM was presented at random times. The participant's task was to remember the correct pairing of the warning and color combinations. They responded by pressing the appropriately labeled key on a second keyboard (keys 'q' through 'p' were labeled with a pictorial representation of the warning portion of each combination) with their right hand. Figure 1 . Example of a pictorial warning-color combination (left) and the color stimulus (right) that elicits the key press response during the WCCOM portion of the dual task. In this specific example, the warning, boots, are combined with the color black. Figure 2 . Example of a written warning-color combination (left) and the color stimulus (right) that elicits the key press response during the WCCOM portion of the dual task.
Shooting Task. During each trial, the participants completed a two-minute mission in Ghost Recon. During each mission, the objective was to clear a building by entering each room and killing all of the enemies. Participants navigated through the Ghost Recon environment using the arrow keys on one keyboard with their left hand and the mouse with their right hand. Performance was measured by calculating the hit percentage (number of shots which hit a target divided by the total number of shots fired).
Card Sorting Task. One complete deck of playing cards was used to administer the card sorting task. This task was used as an attempt to diminish carry over effects from the previous trial.
Procedure
An all within participants design was used which consisted of three blocks (one for each modality: verbal, written, and pictorial); each block consisted of 15 trials (5 repetitions for each memory demand level 2, 4, and 8 retrieved warnings). Presentation order of the modality conditions were counterbalanced between blocks to avoid the effect of sequencing. Additionally, the presentation order of trials within each block was randomized.
Testing occurred in two sessions (approximately 2.5 hours each) on different days during one week. During session 1 the
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participants were asked to complete the informed consent, the demographic questionnaire, and the State Trait Anxiety Inventory Form Y (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) . After a five-minute break, four working memory tasks (see Shah & Miyake, 1996) were administered followed by another five-minute break. The participants completed a practice session, which consisted of three trials of the shooting task, the WCCOM, and both tasks simultaneously (dual task paradigm). Following the practice sessions, participants completed the first block. Session 2 consisted of the remaining two blocks of the experiment. A five-minute break was scheduled between blocks.
During both sessions, the Rating Scale Mental Effort (RSME; Zijlstra, & Van Doorn, 1985) and the card-sorting task were administered following each trial and the NASATask Load Index (NASA-TLX; Hart, & Staveland, 1988) followed each block. Finally, participants were debriefed via a verbal and written statement.
RESULTS

WCCOM Task.
A three-way 3 (modality) X 3 (task demand) X 5 (trial) within-participants repeated measure analysis of variance (ANOVA) was conducted on warning compliance behavior. The independent variables consisted of three different types of modality (verbal, pictorial, and written) in which the warning-color combinations were presented to the participant and varying levels of task demand (presentations of two, four, and eight). The dependent variable was the percent correct (number of times the participant correctly recalled the warning-color combination) at each level of task demand. Analyses were performed using SPSS, for Windows, 11.0 and an alpha level of .05 was used.
There was a significant main effect of modality and task demand, Wilk's Λ = .62, F(2, 13) = 10.8, p = .02, partial η 2 = .62, and Wilk's Λ = .89, F(2, 13) = 39.36, p = .005, partial η 2 = .86, respectively, and a significant interaction between modality and task demand, Wilk's Λ = .57, F(4, 11) = 3.65, p = .04, partial η 2 = .57. However, there was not a significant main effect of trial.
A set of Fisher LSD post hoc tests for modality type show that participants were significantly more likely to comply when the information was presented in the written, (M = 73, SD = 4) and pictorial (M = 65, SD = 5) modalities than in the verbal modality (M = 52, SD = 3). Furthermore, Fisher LSD post hoc tests for working memory show that there was a significant difference in compliance behavior between the levels of two (M = 75, SD = 3) and eight (M = 47, SD = 3) and levels four (M = 68, SD = 5) and eight (M = 47, SD = 3), but not between levels two and four (see Figure 3) . Figure 3 . Relationship between response to warning cue, modality type and task demand level.
Shooting task. A three-way 3 (modality) X 3 (task demand) X 5 (trial) within-participants repeated measure analysis of variance (ANOVA) was conducted on percentage of hits in each trial. There was not a significant main effect of modality or task demand, Wilk's Λ = .94, F(2, 13) = .38, p = .69, partial η 2 = .06, and Wilk's Λ = .87, F(2, 13) = .94, p = .42, partial η 2 = .13, respectively, and there were no significant interactions (see Figure 4) . Figure 4 . Relationship between hit percent, modality type and task demand level on the Ghost Recon shooting task.
DISCUSSION
Consistent with the Hancock and Warm model of stress and attention (Hancock & Warm, 1989) , it was hypothesized that the comfort zone would be maintained when a participant is presented with a maximum of four stimuli in any modality. Furthermore, when participants were presented with 8 stimuli, it resulted in degraded performance. In support of this hypothesis, it was found that when working memory demands (task stress) are relatively small (two and four warnings), the modality of presentation is of less importance and participants are able to comply. When task demands are relatively high (eight warnings) the modality of presentation was important and played a significant role in compliance behavior.
